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Body coverings such as clothing and blankets can provide valuable information into 
determining the time since death in criminal investigations. Natural fibres, such as cotton, 
have the ability to retain and embed decomposition fluid within the fibres themselves. 
Analysis of these fluids can provide valuable information into the lipid profile at different 
stages of body decomposition.  
 
Through the use of ATR-FTIR and CG-MS, analysis of by-products from tissue break down 
can be determined to examine the chemical processes that occur. These by-products also 
assist in understanding the preserving effect natural fibres experience in the presence of 
adipocere. Many environmental conditions such as seasonal temperature and location 
have been researched to understand this concept. Both surface and burial remains have 
been examined to determine the differences in time a body takes to reach each stage of 
decomposition. A knowledge gap was identified, relating to the extent the decomposition 







There are many environmental factors that affect body decomposition rate such as 
temperature, humidity, fires and weather (1). Burial remains are subject to vastly different 
environmental conditions from that of remains left on the surface, although valuable 
information can be gained from both environments (2). There is also sufficient research to 
suggest that other factors such as body mass index (BMI), illicit and prescription drugs will 
influence the rate a body will decompose (1). The presence of trauma to a body affects the 
pattern of decomposition but does not affect the overall decomposition rate (3). 
 
Temperature is the major environmental influence that controls decomposition rate. This 
can be accounted for by calculating the accumulated degree days (ADD) since death (1). 
Temperature will determine the rate at which chemical processes in the body cease after 
death resulting in enzymic breakdown (4), (5). Insect and bacteria activity are highly 
influenced by temperature (4), (5). Hot and dry summer months result in the quickest 
decomposition rate, while cold winter months are much slower (6). Hot and humid are the 
ideal conditions for bodies to decompose quickest (7). 
 
Bodies on the surface will decomposing quicker than buried bodies, this is primary due to 
the amount of oxygen surrounding the body (8). Oxygen promotes insect and microbial 
activity, assisting decomposition processes to occur (8). Wrapping on the body such as 




covering of the body can insulate the body, reducing convection and conduction of heat 
transfer to the environment (1). 
 
Clothing can be a critical factor in death investigations, as it can help to determine the 
identity of the victim and can assist in determining the cause of death (2), (9). Clothing or 
other coverings such as blankets can have a significant influence on the post mortem 
interval (PMI) that determines the time since death (2). Establishing a relative PMI can 
assist in generating timeline of events that may assist with the death investigation (2). 
Witness statements can be supported or excluded based on PMI calculations, any natural 
events or environmental factors that occurred in that timeframe are also taken into 
consideration (2). It is therefore important to determine how fibre degrade to assist in 
death investigation. This can be useful for both buried and unburied remains. 
 
Clothing is thought to have an ability to retain and capture some of the by-products of the 
decomposition process, revealing valuable information based on the decomposition (2) 
(10). Clothing found on dry skeletal remains or found without the presence of any remains 
are presently difficult to accurately age, it may be possible to examine the lipid profile 
captured within the clothing for an estimation of PMI (2). Located clothing can be analysed 
to determine if at any stage the clothing has been in contact with decomposing remains 
(2). Any decomposition fluid that has been in contact with fabrics will leach into the fibres 
and become imbedded (2). The imbedding of decomposition fluid has been proven to slow 




overtime (2). It is important to determine if any contact has occurred between 
decomposition fluid and the located fabric as this will determine if it can be utilised to assist 
with PMI calculations (2). Any deuteriation of the fabric fibres may be able to assist in 
generating a timeline of the victim (2). Unburied surface remains are usually influenced by 
scavenger activity therefore when discovered very little soft tissue may remain (9). In these 
cases, any clothing located may play a key role identifying the victim, the condition in which 
the clothing is located will affect the valuableness of the evidence (9). 
 
It has been examined and found that decomposition fluid acts to slow the degradation of 
clothing fibres while having a preserving effect of the fibres (11). Clothing has been located 
many years post burial, that is still recognisable and has the potential to be further analysed 
to assist investigators (11). 
 
Experimentation involving human cadavers is surrounded by ethical and legal challenges, 
as a result of this, pig cadavers are utilised as a substitute (12). Pig cadavers have a similar 
internal organ structure and size ratio as well as a lack of dense fur coverage similar to 
humans (12). Further to this pigs have a similar fat distribution, chest cavity size and 
omnivorous diet to humans allowing 22kg domestic pigs (Sus Scrofa Linnaeus) to be studied 
as a model for human decomposition (12). Research suggests pigs also share a similar gut 
fauna to humans, thus making them the ideal model for research (12). Although pig 




to allow critical information for further experimentation using human remains in future 
research (12). 
 
Cotton is the most widely studied natural fibre type, it is easily decomposed due to its 90-
99% cellulose structure (11). It only takes a period of a few months to fully decompose 
undyed cotton items, this is dependent on the acidity and moisture content in the soil (11). 
Chemical finishes are often added to cotton products to delay the rate of decomposition. 
Cotton blended with a synthetic fibre such as polyester is much more resistant to 
decomposition in a variety of soil types (11).  
 
Fabric and fibre analysis can be undertaken by a number of analytical methods, these 
include: FTIR spectroscopy, Attenuated Total Reflectance-Fourier Transform Infrared 
Spectroscopy (ATR-FTIR) and Gas Chromatography-Mass Spectrophotometry (GC-MS) (2). 
These techniques work by monitoring the functional groups within the fabrics and can be 
used to analyse the presence of decomposition fluid  (2).  
 
Reactive dyes are commonly used to dye natural fibres such as cotton due the high cellulose 
make up (13). Dye analysis can be undertaken to determine the composition of an unknown 
dye within a fabric. Thin Layer Chromatography (TLC) and Video Spectral Comparison (VSC) 
are methods that have been able to successfully determine the components of a fabric dye 
(13). To provide scientifically valid satisfactory results, these methods are coupled together 





Another method of dye analysis is conducted by highly sensitive, High Performance Liquid 
Chromatography and Tandem Mass Spectrometry (HPLC-MS/MS) analysis. This method 
can determine the dye type and composition from a single fibre only a few millimetres long 
(14). Microspectrophotometry (MSP) is another method for fibre dye analysis. This method 
is able to determine the colour of fibres that appear faint or undyed, making this technique 
a valuable tool for forensic investigation (15), (16) . Luminescence-based Hyperspectral 
Imaging (LHSI) coupled with nitromethane gas has been successful in analysis of dyes 
present in blue denim (17). 
 
Decomposition fluid is generated as a by-product of lipids, carbohydrates and proteins in 
the body breaking down (9). Throughout the decomposition process of tissues, the bonds 
within the large compounds are broken down, resulting in smaller compounds becoming 
present as the decomposition process continues (18). Fatty acids are created which cause 
adipocere to build up on the external surface and surrounding areas of the body. Lipids are 
a major component of the adipose tissue with the dominant lipid being triglycerols (18). 
These triglycerols undergo hydrolysis due to the presence of the lipase enzyme in the body 
to produce both saturated and unsaturated fatty acids that are present in the 
decomposition fluid (10) (18). Aerobic environments produce ketone and aldehydes as a 
by-product of the oxidation reaction of unsaturated fatty acids due to microorganisms and 
atmospheric oxygen (18). In comparison, in an anaerobic environment, both saturated and 




causes the further breakdown of oleic acid to stearic acid, as well as palmitoleic to palmitic 
acid (10). 
 
 Methane and hydrogen sulphides are gas by-products that cause the distinct body 
decomposition odour (9). Monitoring any changes to lipids and proteins present in the 
decomposition fluid can assist in generating the stage of body decomposition the body was 
in when that textile was last in contact with the body (9). By quantitatively measuring the 
lipid composition, an estimate of burial time can be determined (10). 
 
Knowing this crucial information it way also be possible to determine which decomposition 
fluid components are responsible for the preserving effect seen in clothing on decomposing 
bodies (9). 
 
There has been sufficient research to determine how clothing effects body decomposition 
rate. Although limited research has been undertaken to determine to what extent 
decomposition fluids effects clothing and fibres (9).  
 
 
Previous Research and Discussion 
A recent study by Ueland, Forbes and Stuart examined the rate at which natural and 
synthetic fibres degrade on buried remains (2). This study determined that natural fibres 




fibres. It also found that natural fibres degrade more rapidly than synthetic fibres. Seven 
pigs carcases were clothed in red or black 100% polyester briefs, 100% white cotton shirts 
and a pair of white polyester, cotton blend socks of unknown percentage (2). The pigs were 
then buried in a shallow grave at approximately 50cm deep, in Sydney Australia. Identical 
clothing was placed in separate control graves at the same depth as the buried 
experimental samples. The graves were appropriately spaced to eliminate any cross 
contamination from seeping decomposition fluid through the soil (2). The remains were 
exhumed at seven points over the 24-month study period. All observations were noted 
from each exhumation and the clothing was preserved by freezing until further analysis 
could be performed (2). Each experimental grave was exhumed at different time periods 
so any changes throughout the decomposition process could be observed and recorded 
(2). 
 
The pigs utilised throughout this study were approximately 70kg each to mimic the weight 
of an average human adult (2). These pigs were utilised throughout the study even with 
the knowledge of the closest model of the human body being a 22kg pig (2). 
 
ATR-FTIR spectrophotometry was utilised to analyse a small sample from each of the 
garments of clothing post exhumation (2). Visual observations were also recorded for each 
garment. All samples were air-dried in control environments after removal of any obvious 





Visual observations demonstrated that the synthetic polyester briefs remained unchanged 
throughout the 24-month study (2). No damage was recorded at any exhumation points, a 
slight discolouration of the fabric was noted (2). The cotton polyester blend socks were 
weakened and became fragile after 12 months of burial, prior to this only small holes and 
discolouration was observed. The cotton shirt was found to be more preserved than the 
control grave throughout the study.  After 12 months the control cotton shirts had almost 
fully degraded whereas the experimental cotton has been preserved (2). The cotton fabric 
located under the remains was most preserved, this is due to the direct accumulation of 
decomposition fluid in the area (2). The cotton experimental sample indicated small 
amounts of damage at the exhumation of the grave after 24 months post burial (2). A 
distinct trend was noted between the experimental and control graves for fabrics 
containing cotton (2). This trend was not observed in the polyester samples. 
 
This may be a potentially bias study as each fibre type was placed over a different part of 
the body. The polyester cotton blend sample was in contact with the limbs while the cotton 
sample was covering the upper torso (2). The limbs were observed to be skeletonised at 6 
months post burial, whereas the torso was still decaying (2).  The polyester sample was in 
contact with the lower torso. These parts of the body create different amounts of 
decomposition fluid as they decompose at different rates (2). This study is a good baseline 
study for future research, the reliability of this information may be influenced due to the 






The presence of proteins and lipids from the decomposition fluid were analysed from the 
clothing samples using ATR-FTIR spectrophotometry and Gas GC-MS (2). It was possible to 
determine the samples that had been in contact with the decomposing remains during the 
study (2). ATR-FTIR spectroscopy was able to determine the presents of lipids and proteins 
that were imbedded into the fibres of the textiles. GC-MS was then able to determine the 
presence of common fatty acids including oleic, palmitolieic, linoleic, stearic, palmitic and 
myristic acid (2). This can assist with determining movement of a body during 
decomposition whether it be intentional or unintentional (2). The lipid profile of 
decomposition fluid found in clothing can be used to assist in construct a timeline of any 
relevant events that occurred (2). 
 
This study did not take into consideration any dyes in the fabrics and if the dyes had any 
influence of the decomposition rate of the fabrics themselves (2). It is currently unknown 
the relationship between dyes and decomposition fluid in clothing. 
 
A study by Ueland, Nizio, Forbes and Stuart examined three pig carcasses left on a soil 
surface to decompose naturally in an outdoor environment in Sydney Australia (9). This 
study was one year long commencing in the summer month of January 2013 and concluded 
in January 2014.  These pigs were dressed in a white 100% cotton shirt only. Six cotton 
shirts were studied, of these, three were worn by a pig and the other 3 were placed on the 




insects to access the body (9). Samples were taken from both the decomposing remains 
and the control sample for all six textiles. Observations including any damage and 
discolouration were recorded, and samples were photographed prior to collection (9). A 
total of nineteen samples were collected from each shirt though out the course of the 
study. All samples were air dried in a controlled environment with the removal of any 
tissue, soil or hairs before being frozen at -18°C for later examination using ATR-FTIR 
spectroscopy and GC-MS (9). 
 
Visible damage to the cotton control specimens were first sighted at approximately 4 
months post-mortem, prior to this, only yellow discolouration was noticed (9). This damage 
was observed in the formation of small holes in the fabrics predominately around the neck 
region. The control textile became thinner and more transparent and as the study 
continued, fraying was also observed around the edges of the holes (9). Disintegration of 
the control shirt was most rapid at areas in direct contact with the soil beneath. By the end 
of the study there was a distinct visual difference between the control and experimental 
samples (9). Cotton specimen in contact with the decomposing remains only developed 
small holes starting at 6 months post-mortem. These holes occurred in dry areas where 
there was no visible decomposition fluid staining the garment (9).  
 
In one experimental sample, the several small holes were located within the shoulder 
region of the garment that had been in direct contact with the soil (9). By 7 months another 




been in direct contact with the soil. Of the three experimental samples, only two 
experienced visible damage throughout the duration of the study, while the third sample 
demonstrated no visible disintegration and appeared to be preserved (9). All regions of the 
fabrics that were exposed to the decomposition fluid and by products remained intact past 
the completion of the study (9). 
 
Heavy rainfall was recorded whilst the bodies were in active decay stages of 
decomposition. It was observed that the garments both control and experimental had had 
a washing effect and less decomposition fluid was visible (9). Rain is a natural process that 
cannot be avoided in an outdoor experiment, but due to timing of this rainfall it may have 
had some influence on the preservation effect of the cotton fibres. 
 
This study concluded that decomposition fluid deposited on a cotton textile significantly 
slowed the decomposition rate of the garment (9). There is no mention of the colour of the 
garments or if the cotton was undyed. Other than this, this study has good control samples 
in the same environment for direct comparison. Between the control and experimental 
samples there were distinct differences, with the experimental samples significantly slower 
in the development of damage and disintegration of fibres due to the decomposition by 
products and fluids. The experimental samples demonstrated large infrared bands when 
analysed by ATR-FTIR spectroscopy indicating the presence of proteins and lipids were 
imbedded in the fibres of the garments due to the decomposition (9). The use of GC-MS to 




potentially construct a timeframe of the events. As this study was undertaken over the 
course of 12 months, it allowed for temperature changes and the subsequent influence of 
decomposition to be monitored throughout the changing seasons (9). Similar studies, such 
as the previous mentioned study, were less specific in providing information regarding the 
seasonal temperatures, rainfall and the influence these factors played throughout the 
study. 
 
A study by Lowe et al. found that fatty acids and lipids from body decomposition fluid had 
a preserving effect on cotton fibres (11). This study utilised 15 buried, clothed pig carcases 
for the experimental side of the study for each of the 3 different soil conditions; silty clay, 
a grazing field and fine sand, to total 45 experimental pig carcases (11). Each soil location 
had 5 control graves, that contained only identical clothing, resulting in a total of  15 control 
graves (11). 
 
All samples were buried in a shallow grave approximately 75cm deep. The articles of 
clothing that were placed on the experimental carcases were a top that was 100% cotton 
and briefs that were a cotton polyester 50/50% blend (11). It was found that cotton 
polyester blend samples both in soil and in contact with a body experienced no 
decomposition throughout this 14-month study (11). Cotton samples, however, were 
found to degrade more rapidly in soil compared to the samples in contact with a body (11). 
By the 14 month of burial the cotton shirt was fully degraded, while the cotton polyester 





The 14-month research was undertaken from August of 2008 to October 2009 (11). This 
time frame allowed for multiple temperature changes across seasons to be monitored and 
analysed, however the description present in the study only stated potential ranges as the 
given temperatures were not from the period of the study. To examine the progress of the 
degradation, several graves were randomly exhumed during the study at the 2, 12 and 14 
month marks (11). At the marked time stamps the remains went from early active decay to 
purification to degrading soft tissue, respectively. The time gap between the second- and 
12-month marks is significant as while this leaves the grave undisturbed for 10 months, it 
also results in 10 months of unknown and unrecorded data and knowledge. During each 
exhumation, one control grave and three experimental graves were accessed (11). While 
this gives an accurate ratio of one control to three experimental for accurate data 
representation, it does result in unused resources as this leaves eight graves in total for 
each site unexamined, leaving the potential for uncollected data. 
 
To examine the results, samples of 4cm2 were collected from both sample garments from 
all experimental and control samples (11). These were then prepared for analysis for both 
ATR-FTIR and GC-MS. These samples were collected at the 2, 12 and 14 month marks, which 
are constant time stamps throughout this study (11). By the second month post burial, the 
presence of triglycerides consistent with early stages of body decomposition were 
identified (11). Samples from both the twelfth and fourteenth months were able to identify 




acids were extracted from the textiles using a chemical method consisting of chloroform, 
which was then evaporated to create a film that was then scraped for analysis.  
 
Analysis by ATR-FTIR spectroscopy was used to qualitatively determine the presence of 
fatty acids from the samples (11). The generated lipid profile was consistent with the stage 
of soft tissue degradation (11). Further examination was conducted utilising GC-MS to 
produce quantitative data using retention times to create a lipid profile of the located fatty 
acids (11). GC-MS analysis identified, multiple fatty acids, including palmitic, stearic, oleic 
and myristic acids (11). Lower levels of palmitoleic acid was also detected. While all of the 
mentioned acids were detected in all samples, there was variation of the levels between 
the three soil conditions (11). This study was able to generate similar results to other similar 
studies linking the lipid profile to the stages of decomposition. 
 
This study was undertaken in Canada, which has a colder climate, therefore it cannot be 
used for direct comparison with studies undertaken in warmer climates. Due to the cold 
climate, carcasses were unable to decompose down to skeletal dry remains but did 
experience multiple freeze-thawing throughout the study, leading to a considerably slower 
decomposition rate (11).  
 
While a benefit of this study is the comparison and analysis of decomposition within 
different soil burial conditions, this lit review and the further research will not be focusing 




that were placed on the pig carcasses, therefore any effect of dye on the decomposition in 
the different soil types is unknown and not taken into consideration. A subsequent study 
to determine this influence under these or highly similar conditions would need to be 
undertaken. The layout of this study was also confusing, making it difficult to understand 
the experimental methods that were undertaken. This study focused primarily on cotton 
or a cotton polyester blend and did not test the influence of the conditions on other fibre 
compositions, such as 100% synthetic fibres. This study is the only study that came to a 
conclusion that attempted to explain the link between decomposition and the preserved 
effect of natural fibres. The article suggested that the preserving effect may be explained 
by few bacteria having the ability to degrade cellulose. This is the only study found to offer 
and explanation why the fibres appeared to be preserved (11). 
 
Another study from Sydney Australia, was completed by Collins, in an outdoor 
environment, with an average temperature of 24°C across 75 days over the months of 
October 2018 to January 2019 (18). While previous studies used pigs, for ethical reasons, 
this study, utilises a donated human cadaver. The cadaver was a 74 year old that died from 
pulmonary disease and heart failure, with no mention of the gender (18). While it was 
beneficial of this study to be able to utilise a human cadaver, the repeatability of this study 
would be near impossible due to the individuality of humans. The cadaver was wearing a 
100% cotton shirt of unknown colour and was then placed directly onto the soil with a cage 
around in order to prevent scavenger activity (18). Prior to the commencement of the 




identical shirt was placed on the soil in the same conditions. The samples were collected 
from under the cadaver.  
 
For the first 3 days, inclusive of day 0, samples were collected every day, with a collection 
gap of 2 to 3 days developing from day 4 to day 32. From the remaining days of the study, 
the collection gap then further greatened to more than 4 days (18). The sampling collection 
days were based on the stages of decomposition, resulting in the collection gap increasing 
over time. The first stage of decomposition occurred over days 0 to 7 and consisted of fresh 
and bloat stages (18). By days 13 to 21, the end of the bloat stage and the beginning of the 
active decay stage occur. Active decay and advanced decay occurred over days 29 to 75 
(18). 
 
Although the study recorded that the average temperature was 24°C, there is no 
information stated to the exact temperatures, such as the minimum or maximum 
temperatures that occurred, only that the temperature was recorded continuously (18). 
While these temperatures are not stated, they can be accessed by the Australian 
Government Bureau of Meteorology (18). There was above average rainfall recorded 
throughout the duration of this study. 
 
Each collection day, a 3cm2 sample was collected, dried and stored similarly to previous 
mentioned studies. By day 4, staining of the clothing was first observed and as the study 




by-products was detected on day 7 in the fibres as a result of the triacylglycerols breaking 
down (18). At Day 13, a higher concentration of lipids was detected, but less carbonyl by 
products were present in the samples (18). The complete hydrolysation of triacylglycerols 
to free fatty acids resulted in no carbonyl groups present in the sample by day 29. From 
day 39 fatty acid salts in the form of carboxylate were detected, indicating the formation 
of adipocere in the late stages of decomposition (18). 
 
 Both experimental and control clothing remained visually intact throughout the study (18). 
Analysis of the collected samples was done by ATR-FTIR spectroscopy and GC-MS to detect 
the presence of proteins and lipids absorbed by the textiles (18). The ATR-FTIR 
spectroscopy detected the presence of triaglycerols, fatty acids, proteins and carbonyl 
groups embedded in the textile fibres throughout the entire study (18). Similar to the 
previously mentioned studies, Collins used this analysis to develop quantitative and 
qualitative data of all samples collected (18). 
 
Another relatable study by Ueland that took place in Sydney Australia within a eucalyptus 
woodland environment, examined nine clothed pig carcasses over three trials (10). All 
three trials utilised 100% cotton shirts, 100% polyester briefs and cotton polyester blend 
socks of unknown percentage. As with the previous Ueland study (9), the carcasses were 
placed within cages in order to prevent the scavenger activity and were placed directly on 
the soil surface. The first trial occurred over 365 days from January 2013, the second trial 




2014 (10). Over the course of the study, between 15 to 19 samples were collected from 
each carcass, leaving the carcasses to decompose as naturally and undisturbed as possible. 
As the trials occurred over an extended length of time with minimal disturbance, this 
allowed for the carcasses to remain as dry remains and continue to be observed and 
researched (10). 
 
While there are similarities between the three trials, due to environmental factors, each 
trial exhibited unique data in regard to the time that each decomposition stage was 
achieved. The third trial was the only trial of the three that began in winter and as this trial 
occurred over a year and a half, the carcasses experienced 2 consecutive winters (10). 
Within this winter trial, the carcass entered bloat by day 13, active decay by day 37, 
advanced decay by day 79 and was dry remains by day 210 (10). In comparison the two 
other trials were started in summer, and more comparable to each other, however there 
were still distinct difference between the results of both trials. 
 
The first trial carcass was in bloat stage by day 2, active decay by day 4, advanced decay by 
day 21 and was dry remains by day 184 (10). In comparison, the second trial carcass 
experienced bloating by day 3, active decay by day 6, advanced decay by day 10 and 
became dry remains by day 100 (10). As the clothing and carcasses were consistent across 
all three trials, yet the decomposition stage timing varied, the environment is considered 




to be considered as the carcasses decomposed (10). The rainfall was measured by an onsite 
weather station, with this data readily available in the study. 
 
The samples collected were 5cm2 from each textile of all carcasses. Both trial 1 and trial 3 
had 19 samples collected from each textile, however trial 2 had only 15 samples collected 
from each textile (10). What is unknown is how 19 samples were able to be collected from 
the cotton polyester blend socks, due to the size of the taken samples from such a small 
article of clothing. For all three trials, samples were collected more frequently at the 
beginning of the trials while the carcasses were still in the earlier stages of decomposition. 
Once the samples were collected, the samples were dried and stored under the same 
circumstances as with previous studies by (10). 
 
Two methods were utilised and compared for lipid extracted from the samples. The Fatty 
Acid Methyl Ester derivatisation (FAME) method of lipid extraction was sourced from 
O’Fallon’s (19) methodologies and was adapted to the circumstances of this study. The lipid 
extract was examined and analysed via GC-MS (10). The second extraction method was a 
Trimethylsilylation derivatisation (TMS) method that was sourced from Folch’s (20) 
methodologies. Both methods utilised the same CG-MS method of analysis (10). A constant 
flow rate of helium was applied to both methods extracts prior to data interpretation.  
 
Both methods GC-MS data was interpreted, it was discovered that higher concentrations 




process for decomposition fluid extraction from natural cotton fibres than FAME that is a 
time consuming and laborious process. Fatty acids were also able to be extracted from the 
polyester and cotton polyester samples throughout the study (10).  
 
Lipids were first observed in samples collected on day 4 of the first summer trial and day 6 
of the second summer trial (10). At this time all carcasses were at the beginning stages of 
early active decay. This study determined that is was possible to utilise lipid concentrations 
of saturated and unsaturated fatty acids to assist in the stage of decomposition based on 
hydrogenation reactions (10). These rates differed significantly between summer and 
winter trials, with delays experienced in the cooler winter months. It was possible to 
determine the stage of decomposition a body was experiencing by examining the adipose 
tissue and the chemical process this tissue has undertaken (10). 
 
Randi Deuro et al. observed the ability of luminescence-based hyperspectral imaging (LHSI) 
as a dye analysis method that when coupled with nitromethane gas, is able to yield 
accurate results (17). It was studied that LHSI analysis alone was able to discriminate dyes 
of blue denim samples from one another at a 75% success rate. But when utilised in 
conjunction with nitromethane gas the results were able to obtain a discriminatory ability 
of 100% (17). This is a rapid method for analysing dye composition, while being non-





From these previous knowledge gaps, this experiment would be designed to focus 
specifically on how the decomposition fluid effects fabrics and fabric dye. This would be 
done by using four pig specimens, that will be placed on raised grated platforms with a 
collection tray containing the cotton fibres directly underneath. By raising the specimens, 
the decomposition fluid is able to drip directly onto the experimental sample fibres without 
direct contact. These specimens will be placed in an outdoor enclosure, where it is 
protected from direct sunlight and rain, while allowing for full insect activity. A weather 
tracker will be placed within close proximity to the specimens in the enclosure to record 
temperature. 
 
To ensure reliability of this study, control samples will also be used, which will be subject 
to the same environmental conditions as the experimental samples, however without the 
influence of decomposition fluid. This study will utilise both known and unknown dye 
compositions for both the control and the experimental samples. Throughout the duration 
of the study, which will be 4 weeks, samples will be collected daily from a collection tray 
underneath the decomposing carcasses, as well as from the control samples. The collection 
and analysis of these samples allows for the presence of decomposition fluid to be 
determined as well as any visual changes observed. This will allow for observations of any 
changes to both fibres and dye over the period of the decomposition process to be made. 
 
TLC will be used to analyse the unknown dye composition prior to being influenced by 




fluid, they will be examined by hyperspectral imaging to observe the emitted wavelength 
for comparison over time. To determine if this study is advantageous to future research, 
this study will be proven successful if the dyed cotton fibres fade over time when exposed 
to the decomposition fluid. It will be deemed unsuccessful if no changes are detected of 
the dyed cotton fibres. 
 
Conclusion 
From the available research, there has been studies conducted to examine the effect 
coverings have on a decomposing body. Coverings such as clothing and wrapping have 
been studied to provide information in how they alter PMI estimations via providing 
insulation to the body. There has also been research into the preserving affect adipose 
tissue has on natural cotton fibres in both surface and burial environments. There has also 
been research undertaken to determine any difference between summer and winter 
environmental conditions and the influence this has on decomposing bodies and the 
production of adipocere. 
 
Lipid profiles from all stages of decomposition have been generated to understand the 
chemical process that takes place as a body decomposes. All data has been scrutinised to 
determine the relevance of each major by-product of these chemical processes. Due to the 
absorbency of natural fibres, they are able to retain this valuable information from seeping 
into the surrounding soil. This allowed for the current knowledge of tissue break down 





Fibres are a commonly encountered piece of trace evidence. It is therefore important that 
this evidence can be interpreted. Trace evidence fibres that have been located, may have 
been in contact with body decomposition fluid. It is therefore important to have knowledge 
surrounding the role decomposition fluid has on textile fibre dyes. 
 
There has been no research that suggests any attention has been paid to the use of clothing 
dyes in natural fibres. It is currently unknown if any information can be gained by the 
examination of dyed cotton garments exposed to decomposition fluid. Some of the 
examined studies fail to mention the colour of the clothing garments used in the study. 
Other studies examined only white garments, although this is useful for the detection of 
any staining, it provided no information into the use of any clothing dyes. 
 
Future research should take clothing dyes into consideration as it has the potential to 
provide more information than the study of fibres alone. All examined studies analyse 
samples by the use of ATR-FTIR spectroscopy and GC-MS, although it may be possible to 
examine samples via Microspectrophotometry analysis or Hyperspectral Imaging. These 
methods analysis would be a useful tool in examining any colour changes to the dye’s fibres 
throughout the decomposition process.  
 
Even with clothing dyes being taken into consideration during the decomposition process, 




study completed relating to fibres and the influence they experience when subjected to 
decomposition fluid. Future research should explore the current limitations of dyes, 
specifically the type of dye used to dye fibres and how the dye breaks down and the 
influence of and additional components and technique of the dying process on 
decomposition fluid. This research has the potential to close some of the observed 
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Dyed cotton fibre are commonly encountered as a body covering on discovered human 
remains at a crime scene. Currently there is no knowledge on how body decomposition 
fluid affects the colour intensity of clothing dye in natural cotton fibres, and If any changes 
may assist in time since death investigations. 
 
This study examined the effects decomposition fluid had on both undyed and red dyed 
cotton samples. Hyperspectral Imaging analysis was used to analysis the colour changes of 
the fabric samples post exposure to decomposition fluid. Visual observations and 
Hyperspectral analysis confirmed a darkening effect that occurred to the cotton fibres 
where contact with decomposition fluid had occurred. A larger wavelength of emmitted 
light was recorded for each sample after excess decomposition fluid was washed from the 
fibres, compared to control samples. 
 
Microspectrophotometry of analysis may be utilised to further enhance these results to 









There are many factors that influence the decomposition rates of a body. Temperature and 
the environment a body is left to decompose in, including coverings such as clothing and 
blankets are the most prominent factors (1). Unburied bodies that are directly exposed to 
enviroment and oxygen will decompose at a quicker rate than buried bodies (8). Hot 
summer months with high humidity result in a quicker decomposition rate through the 
promotion of natural decomposition processes, as well as the increase in surrounding 
insect activity on the body (7). In comparison, within colder winter conditions, there is a 
decline in the rate of decomposition (6). 
 
Body covering such as clothing can be advantageous to death investigations as they may 
be able to assist with body identification, whilst retaining  valuable trace evidence. This is 
a useful tool for investigators to assist in determining the cause of death of the victim (2), 
(9). Decomposition fluid is created as a by-product of the break down of lipids, proteins 
and fats in body tissues (9). Many studies have concluded that decomposition fluid has a 
preserving effect on natural cotton fibres from both buried and unburied remains (2), (9), 
(11). As cotton fibres are absorbant and therefore able to capture the lipid profile of the 
decomposition fluid embedded in the fibres, this can assist in death investigations (2), (10). 
The captured lipid profile is consistent of both saturated and unsaturated fatty acids that 
have broken down from lipids in the decomposing body (18). Methane and hydrogen 






Cotton fabrics only take a few months to fully degrade in burial and surface conditions, 
with soil acidity thought to impact the speed at which this degradation process occurs (11). 
With the addition of decomposition fluid in the fibres this process is extended to the point 
where a preserving effect can be noted (11). 
 
Time since death investigations are calculated to determine how long a body has been 
deceased. This method takes accummulated degree days (ADD) into account to determine 
the post-mortem interval (PMI) of the body (1), assisting in creating a timeline of events 
(2). Temperature is an important factor in death investigations as it influences insect and 
bacteria activity. These factors also play a role in the chemical processes that occur 
throughout the body decomposition process (4), (5). 
 
The five stages of body decomposition consist of; fresh, bloat, active decay, advanced 
decay and dry remains (21). Decomposition fluid and odours are released from the cadaver 
as tissues of the body begin to break down (21). 
 
Due to ethical considerations, pig carcasses are utliised to simulate the decomposition 
process. 22kg domestic pig carcasess have a similar internal organ structure, fat 
distribution, chest cavity size and an omnivorous diet, to that of a human. This makes for 
the ideal model of decomposition processes, as it serves as a baseline for studies on human 





There is no evidence to suggest research has been undertaken examining the effect body 
decomposition fluid has on clothing dyes and if this can be used to assist in determining 
the time since death calculations. The validity of information from dyed cotton garments 
exposed to decomposition fluid remains unknown. Previous research has examined to 
what extent decomposition fluid affects cotton fibres, but not the effect on clothing dyes. 
Studies have primarily examined white garments, although this is useful for the detection 
of any staining (2), (9), no information can be observed regarding dye colour changes. Most 
examined studies undertake sample analysis by the use of Attenuated Total Reflectance-
Fourier Transform Infrared Spectroscopy (ATR-FTIR spectroscopy) and Gas 
Chromatography–Mass Spectrometry (GC-MS) (2), (9), (11), (18), although it may be 
possible to examine coloured fabric samples using Microspectrophotometry analysis (15) 
or Hyperspectral Imaging. 
 
Cotton is a widely studied fibre, allowing for plenty of available knowledge as a reference 
for further studies focusing on cotton fibres (11). Reactive dyes are most commonly used 
to dye cotton fabrics due to the high cellulose makeup of the fibres (13). The components 
that makeup an unknown dye can be determined by the use of Thin-Layer Chromatography 
(TLC) in combination with visual spectral comparison (VSC) (13). A more advanced method 
of unknown dye analysis is the use of High Performance Liquid Chromatography and 




commonly used to examine the fibres, and has the ability to determine the colour of a 
single fibre (15). 
 
The wavelength of visual light considered to be red ranges from 620 nm (Range Red) to 720 
nm (Far Red) (22). As undyed cotton is a white/yellow colour it would be expected that the 
wavelength of undyed cotton would fall somewhere in the yellow category of wavelength. 
This would be between 590 nm (Yellow) and 600 nm (Amber) (22). 
 
Materials and Method 
This study utilised four male domestic pig (Sus scrofa domesticus) carcasses (mean weight 
23.05kg).  All carcasses were sourced from Nambeelup Pigary in Mandurah and placed in 
the enclosure, the same day as collection. Carcasses were not refridgerated and remained 
at enviromental temperature prior to placement. All carcasses were in good condition, 
except for the bolt gun wound to their head as a means of euthanisation.  A wire enclosure 
shaded the carcasses from direct sunlight whilst protecting against scavenger activity was 
utilised this allowed for natural insect activity to occur. All four carcasses were elevated 
approximately 30cm above ground level on metal platform. Below each carcass was a 
collection tub containing five 100% cotton samples. 
 
To ensure consistancy throughout the study, all four sample carcasses were placed at the 
same time in the same environment. This ensured that weather conditions remained 





Both fabric and knitted samples were placed in the collection tubs as illustrated in Images 
1-2. The collection tubs were placed directly under the carcasses allowing all 
decomposition fluid to drip directly onto the sample fibres. 
 
 
Image 1: The order of samples placed in the collection tubs. From left to right; undyed cotton fabric, domestic dyed red cotton fabric, 








Image 2: Pig carcasses were placed on top of metal platform, as to suspend the carcass above the collection tub containing fabric 
samples. Samples 1 and 2 were placed with the head of the carcass over the knitted undyed sample, while samples 3 and 4 were 
placed with the head of the carcass over the undyed fabric sample. 
 
The placement  accounted for the variation in decomposition rates of each part of the 
carcass. It was found that the head end of the carcass decomposed faster than the central 
and rear portions of the body. The head of each carcass was fully decomposed early during 
the study, leaving dry remains while the central and rear portion of the body was still in 
active decay. This ensured consistency with the amount of time each sample was exposed 
to decomposition fluid.  
 
Domestically dyed red samples were dyed in a single batch to avoid any discrimination 
between dye intensities. They were then washed so no extra dye remained in the fibres 





Red dyed 100% cotton fabrics, undyed 100% ccotton fabrics and undyed 100% cotton yarn 
were sourced from Spotlight, as connonly avaliable materials. Undyed fabric was purchased 
from Spotlight prior to being domestically dyed. The cotton samples were; undyed 100% 
cotton fabric sample, commercial dyed red 100% cotton fabric sample, domestic dyed red 
100% cotton fabric sample, knitted undyed 100% cotton yarn sample and a knitted 
domestic dyed 100% cotton sample. All samples were cut to a size of 20 cm wide and 50 
cm in length prior to placement in the collection tubs. Knitted cotton samples were knitted 
to the same size. 
 
Domestic dyed red sample were dyed using Jacquard Products, Procion Mix dye, 030 Fire 
Engine Red dye as per dying instruction. Soda ash was utilised as per dying instructions for 
a more intense colour outcome. All domestically dyed samples were washed in water after 
dying untill all excess dye was removed. 
 
An EasyLog portable USB weather logger, EL-USB+ from Instrument Choice was suspended 
above the samples to record all weather data. Data recordings were captured every 30 
minutes for the duration of the study. 
 
A sample was collected daily from  domestically dyed 100% cotton fabric, comercailly dyed 
100% cototn fabric and undyed 100% cotton fabric. Samples were collected from the 
fabrics from the collection tub located under each carcass. Fabric sample collection was 




approximately 2cm² was collected each day from all fabric samples. The cutting of samples 
to approximately the same size allowed for targeted collection of areas of decomposition 
fluid present. Samples with no visible signs of decomposition fluid were collected from 
areas closest to where the decomposition fluid was dripping. Scisssors were sterilised with 
99.8% isoproply alcohol between each sample collection. 
 
The knitted 100% cotton samples were only collected post experimentation for direct 
comparison with control knitted samples. Knitted samples would unknit if daily samples 
were cut, therefore they were utilised to observe if any change was observed between 
fabric samples and knitted yarn samples. Both undyed and domestically dyed knitted 
samples were collected at the conclusion of this study, from the collection tub under each 
carcass.  
 
After collection all samples were left to air dry in an envelope prior to being placed in a -
4°c freezer until analysis. 
 
Throughout the study, visual observations and photographs of each carcass’s stage of 
decomposition, were documented daily prior to collection of samples. Each samples stage 
of decomposition was evaluated daily utilising the Total Body Score (TBS) method 





At the completion of the study, all samples were washed individually to remove the 
decomposition fluid from the samples. Samples were washed in cold water containing 
Earth Choice Sensitive laundry liquid soap. Samples were then rinsed twice to eliminate any 
remaining laundry liquid. Samples were then pressed between paper towel to remove any 
excess moisture before being left to air dry. Each sample was then ironed flat and stapled 
directly onto a labled grid.  
 
All samples were analysed via Hyperspectral imaging, indicating the wavelength of light 
being emmited from each sample. Hyperspectral Imaging is able to analyse light emitted 
from an illuminated sample that is in the visual light and near infarred (NIR) light ranges, 
between 400-1000nm. (24)  
 
 
Results and Discussion 
Samples were left to decompose naturally until carcasses reached dry remains. This study 
took 68 days for the carcasses to be at dry remains stage of decomposition. Image 3 






Image 3: the stages of decomposition. From left to right; fresh, bloat, active decay, advanced decay, dry remains. 
 
Samples were placed on 21st of September 2020 at approximatly 1700 hours. Carcasses 
were fresh for the first three days of the study, before entering bloat stage on day 4. Due 
to the cooler wet weather conditions, the carcasses remained in bloat stage until day 22. 
Carcasses remained in active decay until day 41, then in advanced decay until day 67. On 
day 68 samples were determined to be dry reamins and the study ceased on 28th November 
2020. 
 
The recorded weather data for the duration of the study is displayed in Figure 1, stating the 
daily average temperature, minimum and maximum daily temperatures as well as the 








Figure 1: Daily Weather and Humidity Recording 
 
 
Each day a sample was collected from each fabric, knitted samples were undisturbed 
throughout the study so the decomposition process could be viewed as a whole. Visual 
observations for each collected sample were recorded daily at the time of collection. Visual 















Sample 1 Sample 2 Sample 3 Sample 4 
Day White Red Dyed White Red Dyed White Red Dyed White Red Dyed 
1             
2             
3             
4             
5             
6             
7             
8          F   
9       F      
10      F    C   
11             
12             
13            F 
14             
15   F          
16 F           C 
17      C     F  
18  F C F F  C F     
19             
20 C C       F    
21        C   C  
22    C     C    
23   D  C        
24   D          
25             
26   D          
27             
28             
29             
30   D          
31             
32   D       H   
33   D          
34   D     D     
35   D          
36   D          
37             
38   D        H  
39   D          
40             
41   D          
42             
43         D    
44             
45             
46             
47            D 
48            D 
49             
50         D    
51             
52            D 
53             
54         D    
55   D         D 




57   D          
58   D     D     
59   D     D D   D 
60   D     D D H H D 
61          H  D 
62   D         D 
63   D       H  D, H 
64   D     D D   D 
65   D  H     H  D 
66   D       H  D 
67         D H  D 
68   D      D H  D 
 
Symbol  Indicates 
F First signs of decomposition fluid  
C Complete coverage of decomposition fluid 
D Discolouration/ faded areas 
H Holes present due to degradation 
 
Fabric Samples collected from carcass 2 experienced minimal decomposition fluid contact 
resulting in minimal visual change with some stained areas and areas were no staining had 
occurred. These samples were located at the rear and central portions of the carcass. All 
other samples from the other three carcasses experienced sufficient coverage from 
decomposition fluid, despite sample 1 fabrics being located under the rear end of the 
carcass. Sample carcass 4 produced the most decompostion fluid of all four carcasses, 
resulting in an excess of decompostion fluid that was unable to be absorbed by the textile 
fibres. This was not the case for any other carcass in the study. 
 
Domestically dyed red samples underwent the most visual changes, with the colour from 
samples of carcasses 1, 3 and 4, visually fading in the later stages of decomposition, from 
the original colour. Commercially dyed red samples also experienced visual fading towards 






Image 4: Heavily faded domestically dyed red fabric sample 
 
Carcass 4 produced the most amount of decomposition fluid, which influenced the clothing 
samples present, and holes developed in three of the coloured samples. Previous research 
suggested that decomposition fluid has a preserving effect on fibres, although in this study 
the opposite has been found. Samples with less decomposition fluid and the control sample 
remained free of holes through out the duration of the study. Commercially dyed red 
sample from carcass 2, also experienced a hole formation on day 65 of experimentation in 
an area where decomposition fluid was present. No other samples experienced hole 
formations. 
 
Hyperspectral Imaging analysis was undertaken on each sample to determine the most 
prominent wavelength ommitted from an area of each sample. Any patches of 
discolouration due to the decomposition fluid exposure were targeted for analysis. The 




Table 2: Hyperspectral Imaging Analysis Recording of Collected Cotton Samples 
 Peak Wavelength (nm) 
Sample 1 Sample 2 Sample 3 Sample 4 
Day White Red Dyed White Red Dyed White Red Dyed White Red Dyed 
Control 650 690 660 650 690 660 650 690 660 650 690 660 
1 650 690 660 650 690 660 650 690 660 650 690 660 
2 650 690 660 650 690 660 650 690 660 650 690 660 
3 650 690 660 650 690 660 650 690 660 650 690 660 
4 650 690 660 650 690 660 650 690 660 650 690 660 
5 650 690 660 650 690 660 650 690 660 650 690 660 
6 650 690 660 650 690 660 650 690 660 650 690 660 
7 650 690 660 650 690 660 650 690 660 650 690 660 
8 650 690 660 650 690 660 650 690 660 650 690 660 
9 650 690 660 650 690 660 650 690 660 650 690 660 
10 650 690 660 650 690 660 650 690 660 680 690 660 
11 650 690 660 650 690 660 650 690 660 680 690 660 
12 650 690 660 650 690 660 650 690 660 680 690 660 
13 650 690 660 650 690 660 675 690 660 690 690 680 
14 650 690 660 650 690 660 675 690 660 690 690 680 
15 650 690 660 650 690 660 675 690 660 690 690 680 
16 650 690 660 650 690 660 675 690 660 690 690 680 
17 650 690 660 650 690 660 675 690 660 690 690 680 
18 650 690 660 650 690 660 675 690 660 690 690 680 
19 650 690 660 670 690 670 675 690 660 690 690 680 
20 650 700 660 670 690 670 675 690 675 690 690 680 
21 650 700 670 670 690 670 675 690 675 690 700 680 
22 650 700 670 670 690 670 675 690 675 690 700 680 
23 650 700 670 670 690 670 675 690 675 690 700 680 
24 650 700 670 670 690 670 675 690 675 690 700 680 
25 650 700 670 670 690 670 675 690 675 690 700 680 
26 650 700 670 670 690 670 675 690 675 690 700 680 
27 650 700 670 670 690 670 675 690 675 690 700 680 
28 650 700 670 670 690 670 675 690 675 690 700 680 
29 650 700 670 670 690 670 675 690 675 690 700 680 
30 670 700 670 670 690 670 675 690 675 690 700 680 
31 670 700 670 670 690 670 675 690 675 690 700 680 
32 670 700 670 675 690 670 680 690 675 690 700 690 
33 670 700 670 675 690 670 680 690 675 690 700 690 
34 670 700 670 675 690 670 680 690 675 690 700 690 
35 670 700 675 675 690 670 680 690 680 690 700 690 
36 670 700 675 675 690 670 680 690 680 690 700 690 
37 670 700 675 675 690 670 680 690 680 690 700 690 
38 670 700 675 675 690 670 680 690 680 690 700 690 
39 670 700 675 675 690 670 680 690 680 690 700 690 
40 670 700 675 675 690 670 680 690 680 690 700 690 
41 670 700 675 675 690 670 680 690 680 690 700 690 
42 670 700 675 675 690 670 680 690 680 690 700 690 
43 670 700 675 675 690 670 680 690 680 690 700 690 
44 670 700 675 675 690 670 680 690 680 690 700 690 
45 670 700 675 675 690 670 680 690 680 690 700 690 
46 670 700 675 675 690 670 680 690 680 690 700 690 
47 670 700 675 675 690 670 680 690 680 690 700 690 
48 670 700 675 675 690 670 680 690 680 690 700 690 
49 670 700 675 675 690 670 680 690 680 690 700 690 
50 670 700 675 675 690 670 680 690 680 690 700 690 
51 670 700 675 675 690 670 680 690 680 690 700 690 
52 670 700 675 675 690 670 680 690 680 690 700 690 
53 670 700 675 675 690 670 680 690 680 690 700 690 
54 670 700 675 675 690 670 680 690 680 690 700 690 




56 670 700 675 675 690 670 680 690 680 690 700 690 
57 670 700 675 675 690 670 680 690 680 690 700 690 
58 670 700 675 675 690 670 680 690 680 690 700 690 
59 670 700 675 675 690 670 680 690 680 690 700 690 
60 670 700 675 675 690 670 680 690 680 690 700 690 
61 670 700 675 675 690 670 680 690 680 690 700 690 
62 670 700 675 675 690 670 680 690 680 690 700 690 
63 675 700 675 675 690 670 680 690 680 690 700 690 
64 675 700 675 675 690 670 680 690 680 690 700 690 
65 675 700 675 675 690 670 680 690 680 690 700 700 
66 675 700 675 675 690 670 680 690 680 690 700 700 
67 675 700 675 675 690 670 680 690 680 690 700 700 
68 675 700 675 675 690 670 680 690 680 690 700 700 
 
All control samples experienced no change throughout the duration of this study. Undyed 
cotton fabrics all recorded a peak wavelength of 650 nm at the beginning of the study. 
Commercially dyed red fabrics began at 690 nm and domestically dyed fabics began at 660 
nm.  
 
Commercially dyed red sample fabric from both carcasses 2 and 3 experienced no change 
in the hyperspectral imaging analysis for the entire duration of the study. This is despite 
the commercially dyed red sample under carcass 3 experiencing visual fading. All other 
samples after analysis had a larger wavelength at the completion of the study in 
comparison to the beginning of the study, suggesting a change in the colour. 
 
All undyed fabric samples recorded a higher wavelength at the completion of the study 
than the control samples. This suggested that even after washing the decomposition fluid 
from the fibres of the cotton, it still remained embedded in the fibres causing a darkening 
effect. In future, a more intense washing process may be required to minimise the amount 





According to Monsalve et. al. (22) the wavelength for red is between 620-720 nm. At the 
beginning of this study, domestic and commercial dyed control samples indicated 660 and 
690 nm respectively. Both of these readings indicate the correct wavelength for a red 
coloured sample. The undyed samples all exhibit a peak wavelength of 650 nm, this is 
suggestive of a red coloured sample. It is known that undyed cotton has a yellow, off-white 
colour. This may be due to the lighting in the room when analysis was undertaken or the 
combination of light sources used to illuminate the samples. 
 
Knit samples consisted of an undyed and domestically dyed knitted 100% cotton sample 
placed in each collection tub and a control placed in the same enclosure. Due to the nature 
of knitted materials samples could not be collected daily, instead these samples were 
exposed to the decomposition fluid for the same length of time but remained undisturbed 
throughout the study. The visual observations and hyperspecctral imaging peak 










Table3: Visual Obsetvations and Hyperspectral Imaging Analysis Recordings of Knitted 
Sample 
Sample Colour observation Peak Wavelength (nm) 
Control Undyed Unstained 650 
Dyed Unstained 660 
1 Undyed Some darkened areas  675 
Dyed Darkened areas and faded areas 675 
2 Undyed Mostly darkened area with some small hole 
formations close to the edges 
675 
Dyed Some darkened areas 675 
3 Undyed Mostly darkened areas 650 
Dyed Darkened areas and faded areas 680 
4 Undyed Mostly darkened with small hole formations 700 
Dyed Marbled effect of both darkened areas and 
faded areas with medium hole formations   
680 
 
All knitted samples experienced the presence of decomposition fluid, although carcass 4 
experienced more decompostion fluid than other carcasses, resulting in evenly saturated 
textiles. A marbeling effect of faded areas and darkened areas can be observed as a result 
of the fluid saturation, see Image 5. Other domestically dyed knitted samples from 
carcasses 1 and 3 also experienced faded areas within the textile although these samples 






Image 5: Marbeling effect of domestically dyed knitted sample from sample carcass 4. This sample also demonstrated the formation of 
a hole in the sample fibres. 
 
Holes can be observed in samples from carcasses 2 and 4, this is the same pattern of holes 
observed from the fabric samples displayed in Table 2. A general pattern of increasing 
wavelength due to the presence of the decomposition fluid was seen throughout the study. 





Further research in this area of study may include studies focusing on a variety of different 
colours along with different fibre types, as this study focused only on red and undyed 




consistent with that of the data collected from this study. A particular focus should be taken 
to observe colours that the presence of decomposition fluid can be observed as well as any 
fading effect that occurs.  
 
Another method for analysis utilises Microspectrophotometry analysis for more accurate 
results. Microspectrophotometry analysis allows for a more in depth view into the colour 
distribution, even amongst a single fibre, this would allow for a better understanding of the 
colour distribution throughout the entire sample. Although Hyperspectral imaging is a 
useful tool in identifying significant overall colour change, Microspectrophotometry would 
incur more accuracy, and may be a viable option for further research. 
 
The dripping of decomposition fluid from the carcass above onto the cotton samples below 
provided inconsistent decomposition fluid exposure. The location of samples in the 
collection tub below the carcasses, greatly influenced the distribution of decomposition 
fluid exposure. Some samples recieved only small amounts of decomposition fluid 
exposure, while others experienced continuous dripping for the duration of the study. This 
may be improved by collecting the decompositiong fluid daily and dipping each sample into 
the fluid to enure even coverage of the decomposition fluid as well as targeted exposure 
to ensure that the same areas of sample remain exposed to the decomposition fluid daily. 






This study was undertaken in Australian spring conditions from September 2020 through 
till November 2020. This resulted in varying weather data for the duration of the study, 
cold nights along with some warmer days, resulted in fluxuating weather data. A more 
consistent time to undertake this sort of pilot study, would be in the summer months, 
where the decomposition process would occur faster due to the more consistent and 
higher temperatures. Experimentation during summer months would act as a reliable 
baseline for further study during different seasons. 
 
From the available research, there appears to be a knowledge gap in the area of dye 
analysis in cotton fibres when exposed to decomposition fluid. There is only known 
information associated with cotton fabric interaction with decomposition fluid. It is 
imperative that research is undertaken to isolate any differentiation between dye colours 




While dyed cotton fibres are commonly encountered as a body covering on discovered 
human remains, there is not yet a method of analysis for the dye as an enhancing method 
to assist with time since death calculations. Prior research suggests decomposition fluid 
has a preserving effecting on cotton fabrics, although this study located holes within the 




still widely unknown. It also questions if there is any other effects decomposition fluid may 
have on cotton fibres that remain unnoticed.  
 
This study determined that the presence of decomposition fluid influenced the emitted 
wavelength of both undyed and red dyed cottons by increasing the wavelength. Visual 
observations were also made in regards to the fabrics darkening by being in contact with 
the decomposition fluid even after washing the fluid out of the fibres.  
 
More research is needed to fully understand the interaction decomposition fluid has on 
cotton fibres and how this may assist in advancing time of death investigations. More 
colours need to be examined to determine if this is a consistent trend amongst all undyed 
and dyed cotton fibres of all colours.  
 
A better and more accurate method needs to be constructed on how best to analyse cotton 
samples that have been in contact with decompostion fluid. More advanced methods of 
analysis such as microspectrophotometry and ATR-FTIR may be used to further enhance 
these results to eliminate the knowledge gap surrounding the effects decomposition fluid 
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